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Contacts w i t h  twenty 
f i e l d  have resul ted 
five 
n t h  
Ab st ract 
t o  t h i r t y  companies i n  the  t e x t i l e  
r teen candidate specimens f r o m  out-  
s ide vendors i n  house o r  on order  covering sewing, needling, 
t u f t i n g ,  braiding, and multiple warp techniques. Inqui r ies  
on pile f a b r i c s  are i n  progress. Impregnation with epoxy 
res ins  has become rout ine and successful techniques w i t h  phen- 
o l i c s  o r  epoxy phenolics appear imminent. 
t es t  data (room temperature only) give t h e  preliminary ind i -  
ca t ion  t h a t  these systems can be represented by anisotropic  
e l a s t i c i t y  theory. The physical  test  matrix, specimen prepar- 
a t ion ,  and thermal shock tes t  design are a l so  discussed i n  
t h i s  report .  
Present mechanical 
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I. Introduction 
This program was i n i t i a t e d  t o  evaluate methods of 
making a three-dimensional reinforcement, which w i l l  not have 
planes of weakness, t o  demonstrate the  propert ies  of composites 
made from these reinforcements and to  se lec t  one or more methods 
f o r  fu r the r  e f f o r t .  
The object ives  of the  f i r s t  quarter were t o :  
1. Invest igate  methods of three dimensional f a b r i c  
construction including de f in i t i on  of problem areas  
i n  such a construction. 
2. Invest igate  methods of composite preparakion. 
3. I n i t i a t e  acquis i t ion  of  t e s t  data on impregnated 
samples . 
This quarter ly  progress report summarizes the s tudies  
conducted t o  f u l f i l l  these objectives.  
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11. Technical Discussion 
I 
I 
A .  Fabric Studies  
1. Avco Method 
I 
The Avco f a b r i c  
3-D Fabrics 
i s  constructed of s t r a i g h t  non-interlaced 
yarns or iented i n  3 orthogonal directions.  This construction should 
optimize the  inter laminar  s t rength since s t r a i g h t  yarns under pure 
tension are the reinforcement i n  t h i s  d i rec t ion .  Reinforcement densi ty  
and s t i f f n e s s  i n  each d i r ec t ion  can be var ied independently by varying 
yarn size 
i n  t h e  45& di rec t ions  of t h e  X-Y plane. Yarn dens i t i e s  as high a s  2000 
yarns per square inch i n  any o r  a l l  of t h e  three  d i rec t ions  are possible .  
Figures 1 and 2 are photographs of  a t y p i c a l  sample of Avco f ab r i c .  
Present p rac t i ce  standardizes these samples a t  3" x 3" x 4" f o r  proper 
physical  t e s t i n g  i n  a l l  d i rec t ions .  The loom on which these samples are 
woven i s  shown i n  Figure 3. 
c lose cont ro l  over fabr ic  compression o r  t igh tness  and a superior impregnation 
technique. This l a t t e r  i s  t r u e  because complete w e t  out  of a11 reinforcement 
surface and good adhesion i s  necessary f o r  e f f i c i e n t  load t r a n s f e r  f r o m  
reinforcement t o  matrix. If t h i s  load transfer does not occur the  fibers 
i n  t h e  d i rec t ion  of t h e  stress w i l l  p u l l  out  o f  t h e  matrix unlike most f a b r i c s  
i n  which t h e  reinforcement i s  locked i n  place by loops, k n d x  o r  weaving. 
densi ty  and material and addi t iona l  reinforcement i s  possible  
Optimum u t i l i z a t i o n  of t h i s  geometry requires  
The d i s t r ibu t ion  ofyarn groups i s  unbalanced with regard t o  the  
X, Y a-n,d 2: d i r p c t i o n s  i n  thp sSzn1-c YA V ma+ ---I to c?ate. 
loom has been made which v i r t u a l l y  eliminates t h i s  deficiency. 
f i c a t i o n  
fou r  t i m e s  by halving the spacing i n  the  X-Y plane.  Thus the  pockets of  
unreinforced r e s i n  w i l l  be one fourth t h e  present  size despi te  i d e n t i c a l  
o v e r a l l  bulk densi ty .  
4- ~~drficztis:: =f the 
This modi- 
decreases t h e  s i ze  of the Z d i r ec t ion  yarns but  increases  dens i ty  
Another s t ep  towards isotropic  reinforcement i s  being s tudied 
through addi t ion of yarns i n  the  45' d i r ec t ion  of  t he  X-P plane, 
t h i s  va r i a t ion  i n  reinforcement available, t h e  influence of EhfQrCetnent 
anisotropy on t h e  ultimate t e n s i l e  s t rength and modulus can be invest igated 
more thoroughly. 
f o r  spec i f i c  mechanical s t rength which va r i e s  as needed w i t h  d i rec t ion  df 
stress. 
With 
This allows the p o s s i b i l i t y  of designing a f a b r i c  s t ruc tu re  
The modified loom f o r  t h i s  weaving i s  pietured i n  Figure 4. 
Considerable e f f o r t  has been spent on design of a loom capable 
of weaving l a r g e r  f a b r i c s  on a continuous basis. 
has been done t o  date t h e  conclusions are t h a t  such a machine i s  f eas ib l e  
i n  t i m e ,  money, and operation and could produce v i r t u a l l y  any width and depth 
of f a b r i c  i n  a continuous length. 
Although no construction 
I 
I 
I 
I 
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Design e f f o r t  has  a l so  been aimed a t  methods and equipment 
f o r  producing cy l ind r i ca l  geometry which would be almost i d e a l l y  su i ted  
f o r  rocket nozzle appl icat ions.  
continuous circumferent ia l  yarns with consequent improvement i n  hoop 
strength. The o the r  yarns would be a x i a l  and r a d i a l  again giving an 
orthogonal construction. 
appears more d i f f i c u l t  than f o r  t he  previously discussed s t ruc tu res  but  
not impossible. 
The construction s tudied would incorporate 
Continuous operation w i t h  l a rge  wal l  thicknesses 
Five tes t  pieces have been woven on the  unmodified loom f o r  
impregnation s tudies  and determination of  physical  p roper t ies .  
r e s u l t s  on two samples are avai lable  and are described i n  t h e  mechanical 
test  sec t ion  of t h i s  report .  
Test 
I 
2. "Modified State-of -the-Art Fabrics" 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
Since a l l  of t h e  o ther  three dimensional f a b r i c s  under study, 
except braided and needled materials, are woven i n  a mo- conventional 
sense, a b r i e f  descr ip t ion  of t h i s  process w i l l  be next, followed i n  more 
d e t a i l  by the  spec i f i c  problems and f indings on each method. 
All weaving i s  e s s e n t i a l l y  an in t e r l ac ing  of two sets of yarns 
and thus  almost a l l  looms are s imilar  i n  t h e i r  e s s e n t i a l  p a r t s  and 
corresponding mechanical act ion.  
of t h e  loom i s  presented i n  order t o  poin t  out  some of t h e  spec i f i c  
5iffiz;; l t iea which w i l l  be eiicouiitered i n  the f ab r i ca t ion  of 3-D f a b r i c s .  
The followimg descr ipt ion of t he  operation 
There are  t h r e e  primary motions on a l l  looms: 
warp ends ( longi tudina l  yarns) i n t o  two groups, known as "Shedding", t h e  
passage of t h e  shu t t l e  containing the f i l l i n g  (Latera l  yarns) through t h i s  
opening across  the  cloth,  known as "Picking", and the  pushing of the  loose 
f i l l i n g  pick up next t o  the previous f i l l i n g  pick t o  form the cloth,  known 
a s  "Beating-up". I n  addi t ion t o  these primary motions, there are two 
secondary o r  contr ibut ing motions. 
i n t o  t h e  loom, and the  Take-up Motion, which cont ro ls  t h e  rate a t  which the  
completed c lo th  i s  taken away. 
The dividing of t he  
The Let-Off Motion, warp yarn i s  fed 
For looms of any type t o  function properly under power, each 
of these motions must be automatically synchronized, so t h a t  they work 
i n  harmony. 
1. Shedding motion - This motion cons is t s  of t he  separa t i sn  of 
a l l  warp yarns i n t o  two groups t o  permit t h e  shu t t l e  t o  pass through the  
r e s u l t i n g  shed. For some complicated weaves, such as t h e  3-D, an attachment 
known as the  Jacquard Head could be used. 
th read  t o  be control led independently t o  produce t h e  desired shedding action. 
Present  loom designs l i m i t  the  s i z e  of  t h e  
f a b r i c s  and hence would impose a thickness l imi t a t ion  on the  r e su l t i ng  f ab r i c .  
The a c t u a l  thickness of t he  f ab r i c  t h a t  could be achieved would have t o  be 
determined experimentally and would a l so  be a funct ion of  t he  s i z e  of t he  yarns. 
T h i s  equipment allows every warp 
shed when weaving very th i ck  
I 
I  
I 
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2. Picking motion - When the  shed i s  formed, the  shu t t l e  
(carrying the  f i l l i n g )  i s  propelled across  the  loom through the warp. 
This i s  referred t o  as tFAe picking motion. As t he  thickness of t he  
fabric i s  b u i l t  up, t h e  pos i t ion  of t he  shed i s  ra i sed ,  requiring 
the  path of t he  shutAle a l so  t o  be raised. 
t h i s  adjustment requires  a modification of t he  equipment, but f o r  
t he  f ab r i ca t ion  of i n i t i a l  samples, t h i s  motion may be successfully 
accomplished by hand f o r  t he  e n t i r e  thickness of f ab r i c .  
In  the  powered operation, 
3* Beating-up motion - Consists of pushing the  f i l l i n g  pick 
Where several f i l l i n g  yarns in to  the  c lo th  by means of a reed (comb). 
are i n  a v e r t i c a l  l i n e  with each other,  some machine adjustments may 
have t o  be made i n  order f o r  yarns to  be s t ruck  simultaneously. 
a. Multiple Warp 
A material having a cross-section s imi l a r  t o  t h a t  i n  Figure 5 
may po ten t i a l ly  be developed by t h e  muitiple w a r p  p r inc ip le  of weaving. 
I n  t h i s  geometry, w a r p  yarns ( longi tudinal)  of each f a b r i c  l aye r  are 
mechanically inter locked with the  f i l l i n g  yarns of t he  adjacent l aye r  
t o  produce s t rength i n  the  d i rec t ion  perpendicular t o  the  surface of 
t he  material ( r a d i a l ) .  If requirements should demand, each l aye r  may 
be inter locked with l aye r s  deeper in  t h e  material instead of ,  or i n  
addi t ion  to ,  t he  adjacent layers .  Thus it i s  seen t h a t  t he  yarns joining 
each 3.ayer i n  t h e  r a d i a l  d i r ec t ion  form an i n t e g r a l  p a r t  w i t h  the  reinforcing 
yarns i n  t h e  longi tudina l  and transverse d i rec t ions .  This geometric f ea tu re  
i s  desirable from the  viewpoint t h a t  t he  transmission of loads from p l y  
t o  p l y  does not depend exclusively on t h e  proper t ies  of t he  laminating r e s i n  
but  i s  dependent on the  mechagical in%egri ty  of the  reinforcing material 
i t s e l f .  
r e s i n  i s  decomposed i s  obvious. 
The advantage of t h i s  geometry under ab la t ion  conditions when t h e  
Multiple warp s t ruLtures  consis t ing of th ree  t o  four  layers  
of f a b r i c  each in te r laced  with adjacent l aye r s  can cur ren t ly  be fabr ica ted  
on conventional t e n s i l e  looms. 
inches dependisg upon the s i ze  of the yarn. It i s  felt t h a t  the  weaving 
process  can be extended t o  fabr ica te  materials having thicknesses i n  
excess  of one inch. 
Thicknesses can range from 0.080 t o  0.250 
Alt.hough considerable changes may have t o  be made i n  the  design 
of t h e  equipment t o  produce a 3-D fabr ic  continuously under power, t h e  
f a b r i c a t i o n  of pw:?iminary samples may w e l l  be accomplished by operating 
t h e  loom motions by hand with only minor machine adjustments. 
Dobby locrns Lavizzg 28 harnesses a re  r ead i ly  avai lable  and are 
capable theo re t i ca l ly  of wea-riag up t o  fourteen f a b r i c  layers .  The chances 
of achieving a C.5GG inch th i ck  fabr i :  are considered good. 
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If the  i n i t i a l  samples hand woven on such a Dobby loom 
a re  successful,  the  same weaving pr inc ip les  can be applied t o  achieve 
la rge  f a b r i c  thicknesses  (poss ib ly  i n  t h e  order  of f i v e  inches) on 
a three-pos i t ion  Jacquard-head loom. This equipment i s  ava i lab le  i n  
the  t ex t i l e  industry; it has t h e  a b i l i t y  t o  cont ro l  a s  many a s  1200 
w a r p  yarns independent of each other .  
harne s s loom. 
It e s s e n t i a l l y  a c t s  as 1200 
Five companies have shown an i n i t i a l  i n t e r e s t  i n  supplying 
multiwarp f a b r i c s  of g l a s s .  They are: 
Raypan Development Indus t r ies ,  Huntington Park, Cal i fornia  
J .P .  Stevens and Company, Inc. ,  New York, New York 
Prodesco Company, Perkasie,  Pennsylvania 
Callaway M i l l s  Company, LaGrange, Georgia 
Bigelow-Sanford Carpet Company, Thomsonville, Connecticut 
However i n i t i a l  confidence i n  t h i s  capab i l i t y  has not been 
born out  i n  a l l  cases .  Raypan supplied a 3" th i ck  sample made up by 
hand sewing 1/4" t h i c k  multiple warp f a b r i c  l aye r s  together  as shown 
i n  Figures  6 and 7. 
th ick ,  w a s  made by a combination of weaving and k n i t t i n g  process.  
Figures  8 and 9 show the  J .P .  Stevens f a b r i c .  
was l a rge  enough t o  permit more than a preliminary examination. A 
l a r g e r  sample of t he  J .P.  Stevens f ab r i c  i s  on order  due i n  t h i s  week. 
J .P .  Stevens'  multiple warp sample, only 1/4" 
Only the  Raypan sample 
Specif ic  problems encountered so f a r  i n  multiple warp weaving 
a r e  t i e d  i n  with yarn s i ze  d e s i r e d  and i n  automation. F iner  yarns decrease 
t h e  r e s i n  pocket s i ze  and improve t h e  eveness of ab la t ion  but  t h i s  means 
more warps t o  produce a given thickness.  A s  s t a t ed  before,  even la rge  
machines have space and handling capacity f o r  a f i n i t e  number of warps e .g .  
even 1200 warps a t  20 picks per  inch w i l l  give only 3 square inches, say 
1" x 3", of f a b r i c  cross-sect ion.  
weaving t h e  f i l l  threads,  f o r  a twenty warp thickness  would require  the  
warp yarns t o  move v e r t i c a l l y  t o  accommodate nineteen s h u t t l e s  simultaneously 
o r  i n  rapid succession. 
ava i l ab le .  This could be accomplished by hand but  t he  weaving process 
would be extremely slow. Many of t h e  looms t h a t  handle the f i n e r  yarns 
r e a d i l y  a re  not s t i f f  enough t o  beat up (compact) t he  la rge  number of f i l l  
t h reads  during weaving. Several  companies a r e  re luc tan t  t o  weave g l a s s  
because of i t s  abrasive proper t ies  and t h e  la rge  cleanup time required f o r  
equipment turnaround. 
Automation of t he  picking motion, 
Most looms do not have t h i s  v e r t i c a l  height  
Preliminary est imates  of cost and t i m e  t o  develop t h e  
ideas discussed with several of these companies range f r o m  6 t o  9 
months i n  t i m e  and $100,~0 - 250,000. 
major modification o r  redesign of present machinery but  would be 
capable of weaving f a b r i c s  i n  t h e  range of th ree  t o  five inches 
th i ck  and twelve inches wide. 
This would cons is t  of 
b .  Multiple Fabric Layer Sewing 
Two samples have been obtained of multiple l aye r s  of f a b r i c  
sewn together  w i t h  15  t o  30 threads per square inch. The machine 
sewn sample, rv $'I th ick ,  had very poor f a b r i c  i n t e g r i t y  s ince t h e  
r e l a t i v e  motion of t he  f ab r i c  and needle caused t ea r ing  to occur. 
The thread used i n  t h i s  attempt a l so  broke unduly due t o  b r i t t l e n e s s .  
Hand sewing maintained the  f a b r i c  i n t e g r i t y  but  thread b r i t t l e n e s s  required 
re ty ing  every two or th ree  s t i t c h e s .  Figure 10 and 11 i l l u s t r a t e  
t h e  hand sewn sample from H .  Harwood and Sons, Inc., Natick, Mass. 
T h i s  method would be improved by using Teflon* coated thread but  
would s t i l l  be very slow and l i m i t e d  t o  about Ll$" thickness .  
A subs t an t i a l  improvement might be obtained by employing a multiple 
needle sewing machine wi th  t h e  Teflon* 
a ca re fu l ly  placed s tack i.e. good r eg i s t r a t ion ,  of  an open weave e.g. leno weave 
c lo th .  A t  i t s  b e s t  sewing does n3t appear a s  p r a c t i c a l  a solut ion 
a s  some of t h e  o the r  methods described i n  t h i s  repor t .  
coated thread t o  s e w  through 
i 
c. Braiding 
Braiding i s  e s s e n t i a l l y  a technique f o r  weaving i n  a cy l ind r i ca l  
shape. 
of Pawtucket, Rhode Is land which w i l l  be used as the  cont ro l  material f o r  
t h e  inter locked b ra id  t o  be supplied by the  same company. Figure 13 i s  
a photograph of a t y p i c a l  braiding machine. This sample i s  composed of 
l a y e r s  of h e l i c a l l y  wound and interlocked yarns, one layer on top  of 
another bu t  with no in te r lock  occurring between one l aye r  and the  next. 
Figure 12 shows a t y p i c a l  normal bra id  supplied i n  g l a s s  by Valrayco 
This company i s  cur ren t ly  making a braided sample for Avco which 
w i l l  contain an in te r lock  between a l l  l aye r s  a t  every poin t  of i n t e r sec t ion  
of t h e  h e l i c a l l y  wound yarns. 
showing three in te r locking  techniques. 
1 or 3 in te r locks .  The f i n e r  the h e l i c a l  yarns, the  c lose r  together  can 
be t h e i r  in te rsec t ions ,  and consequently the more numerous can be t h e  l aye r  
t o  l a y e r  in te r locks  i n  t h e  a x i a l  direct ion.  
around a circumference i s  l imited by the  machine and/or ins ide  diameter of 
Figure 1 4  i s  a photograph of a smaller sample 
The sample on order  w i l l  use e i ther  type 
The number of in te r locks  
*duPont trademark 
i -  
t 
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the  tube.  For t h i s  reason, t h i s  sample will contain t h e  f i n e s t  yarns 
h e l i c a l l y  which a re  consis tent  w i t h  p r a c t i c a l  machine operation. 
This sample w i l l  have 12 inter locks per circumference which i s  the  
p a r t i c u l a r  machine capacity though o t h e r  machines can make up t o  96 
in te r locks  p e r  circumference. If the r a t i o  of O.D. t o  I . D .  desired 
i s  too la rge ,  a braided f a b r i c  would have t o  be s t a r t e d  on a small 
machine which would l i m i t  c i rcumferent ia l  in te r locks  and then be 
moved t o  a l a r g e r  machine t o  br ing it up t o  f i n a l  O.D. if c i rcumferent ia l  
in te r locks  per inch w e r e  t o  be held a s  constant as possible .  
The sample containing the  l aye r  t o  l aye r  in te r locks  w i l l  be 
tested i n  a composite form and i t s  proper t ies  compared t o  t h e  braided 
non-interlocked cont ro l  sample. 
This process i s  considered the  most adaptable of a l l  these 
being considered a s  f a r  a s  la rge  cy l ind r i ca l  shapes a re  concerned. 
That i s ,  if shown t o  be capable of producing samples with good 3-D 
proper t ies ,  t h i s  process could probably produce large,  cy l ind r i ca l  
shapes with the  least machine modification and l e a s t  cos t  involved 
of any of t he  processes being considered a t  t he  present t i m e .  
d. Tufted Fabrics 
Tufted f a b r i c s  a re  p i l e  f a b r i c s  made by sewing loops of fibers 
through an already woven backing cloth or web. 
t h e  t u f t i n g  process and t h e  loop length cont ro l .  
can be made by a minor modification of t h i s  process. If multiple layers  
of c lo th  are  f e d  t o  t h e  machine it a c t s  a s  a m u l t i  needle sewing machine 
without a binding thread f o r  t h e  s t i t ches .  Present machinery allows 
t u f t i n g  through t e n  t o  fourteen layers  of f a b r i c .  
i n  such a construct ion i s  made by se lec t ion  of t u f t i n g  thread diameter, 
spacing of the needles and weave o f  t h e  backing c lo th .  Some looseness 
i s  inherent  i n  t h e  f a b r i c  since openings i n  the  backing c lo th  must 
accommodate both the  needles and the t u f t i n g  thread and no beat ing up 
motion (compaction) i s  made i n  the machine. 
Figure 15 and 16 show 
A high dens i ty  f a b r i c  
Control of f i b e r  densi ty  
J .P. Stevens has made a sample f o r  Avco with 64 tuf t s / square  inch 
thmugh fourteen layers  which i s  i n  t h e  heat  cleaning stage.  
modifications can increase the  t u f t i n g  densi ty  but  a compromise i s  mandatory 
s ince  l a r g e r  needles are  required f o r  s t i f f n e s s  i n  penetrat ing t h e  d e s i r e d  
layers of f a b r i c  while %hinner needles p e r m i t  t i g h t e r  construct ion and 
c l o s e r  yarn spacing with f i n e r  yarns. Another problem i n  t u f t i n g  which 
g e t s  progressively worse a s  t h e  number of l aye r s  increases  and the  needle 
spacing decreases i s  the r eg i s t r a t ion  of t he  holes i n  the  f ab r i c .  T h i s  
i s  necessary f o r  e a s i e r  needle penetrat ion and minimized f a b r i c  break 
up during tuf t ing .  
of thread displacement under handling could minimize t h i s  problem. 
Machine 
A leno type weave f o r  the  backing c lo th  with a minimum 
I 
I .  
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e. P i l e  and LOOD Fabrics  
P i l e  or loop f ab r i c s ,  i n  cont ras t  t o  t u f t e d  f ab r i c s ,  have 
t h e  loop o r  p i l e  woven i n t o  t h e  f ab r i c  a s  shown i n  Figures 17 and 18 
respect ively.  Double pile or loop f ab r i c s  have t h e  p o t e n t i a l  t o  
in te r lock  w i t h  each succeeding layer  according t o  the  sketches below. 
I I  
I 
Several manufacturers of loop or p i l e  f a b r i c s  have been 
Lowel l  Technological I n s t i t u t e  
Schlegel Manufacturing Company, Rochester, N .Y. 
contacted. However only two have s igni f ied  an i n t e r e s t  i n  working 
on a double p i l e  f a b r i c  i n  g lass .  
has been attempting f ab r i ca t ion  of a p i l e  f a b r i c  w i t h  only p a r t i a l  
success t o  date .  
i s  attempting t o  produce a double p i l e  f a b r i c  i n  g l a s s .  
should be ava i lab le  next month. Bigelow-Sanford Company, Thompsonville, 
Conn. can present ly  make double p i l e  f ab r i c s  of t h e  following s t ruc ture :  
Results 
Since the  p i l e  i s  only held together  by i n t e r  f i b e r  f r i c t i o n  
The problem 
which i s  very low i n  the  smooth skinned g lass ,  t he  consensus was t h a t  
g l a s s  f i b e r s  would not work i n  t h i s  process on t h i s  loom. 
i s  concentrated i n  holding t h e  p i l e  fibers during t h e  bea t ing  up of the 
f a b r i c .  
counter p a r t  a double loop f ab r i c .  
Ef for t s  a re  continuing t o  obtain a double p i l e  or i t s  e a s i e r  
f .  Needled F e l t s  and Fabric-Felts 
Needling involves forcing m a t t  f i b e r s  i n t o  a d  through i tself  
i n  a plane perpendicular t o  i t s  surface w i t h  barbed needles a s  shown 
i n  Figure 19. This process i s  used i n  making f e l t s  a s  shown i n  Figure 20. 
T h i s  technique can be employed w i t h  a l t e rna t ing  l aye r s  of f a b r i c  and m a t t ,  
t h e  combination of which has much superior t e n s i l e  proper t ies  i n  the  plane 
of  t h e  f a b r i c  than does a pure fe l t .  If the  needles continue i n t o  a piece 
of f a b r i c ,  than t h e  matt i s  mechanically l inked t o  the  f a b r i c  by hundreds 
of small fibers. 
a c t i o n  of t he  needle barbs .  
T h i s  method does damage t h e  f a b r i c  due t o  t h e  t e a r i n g  
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i 
F i g u n s 2 1  and 22 show a needled sample obtained through 
Henry Simonds an Avco consultant.  T h i s  w i l l  be characterized i n  
addi t ion t o  a s e r i e s  of s i x  samples fmm J.P. Stevens Company made 
with three needling depths and two needling dens i t i e s  a t  each depth. 
These var ia t ions  should determine the e f f e c t  of t h e  degree of  v e r t i c a l  
o r ien ta t ion  on inter laminar  s t rength and t h e  degree of f a b r i c  damage. 
B. Resin Impregnation and Composite Studies 
1. General 
The current  processing techniques employed i n  the  production of 
f ibe rg la s s  f a b r i c  reinforced p l a s t i c s  are t h e  result of years of effort 
and t h e  state-of-the-art  has  advanced g r e a t l y  since t h e  introduct ion 
of automated processing equipment f o r  producing uniform pre-impregnated 
f ab r i c s .  
l a r g e l y  influenced by t h e  s e l ec t ion  of pre-impregnated f a b r i c  cha rac t e r i s t i c s ,  
molding conditions, and techniques employed i n  the  processing of t he  materials. 
As a result the  mechanical propert ies  of laminates vary widely from p a r t  t o  
pa r t ,  e spec ia l ly  when purchased from d i f f e ren t  sources. 
The qua l i t y  of the  laminated mater ia ls  produced however, are 
The most c r i t i c a l  property i n  any laminated s t ruc ture  t h a t  
cont r ibu tes  t o  premature mechanical f a i l u r e  e spec ia l ly  under thermal 
shock i s  i t s  inherent ly  weak interlaminar t e n s i l e  or shear s t rength.  
The automated techniques usually employed i n  applying and B-staging 
r e s i n s  t o  prepare preimpregnatedleinforcement cannot be used f o r  the  3-D 
materials because of r e s t r i c t i o n s  inherent i n  t h e i r  s i z e  and shape. 
The ove ra l l  object ive of t h i s  phase of t he  program i s  t o  develop 
a r e s i n  impregnation technique employing epoxy and/or phenolic r e s i n  as 
t h e  impregnar,’; f o r  3-D woven s t ruc tures .  The method t h a t  i s  developed 
must be su i t ab le  f o r  impregnating most of t he  3-D woven materials being 
considered throughout t h e  program. The c r i t e r i a  for the  se lec t ion  of a 
s a t i s f a c t o r y  method and r e s i n  are primarily based on achieving a f i n a l  
dens i ty  (1.90 - 2.00 g/cc), volume porosi ty  (less than 5% - a i r  pycnometer) 
and res in  content (28-325) values on impregnated mater ia l  equivalent t o  
those obtained f o r  high qua l i t y  f ibe rg la s s  laminates. 
I 
I 
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Of t he  two c lasses  of res ins  being considered, t h e  phenolics 
are  much more d i f f i c u l t  t o  process due t o  t h e  inherent  re lease of 
v o l a t i l e s  during cure yet t h i s  i s  o f f se t  by the  thermal s t a b i l i t y  of 
t h i s  type of res in .  
so t h a t  any s igni f icant  advantages i n  processing or f i n a l  material 
proper t ies  found i n  e i t h e r  r e s in  system may be exploited.  
Both c lasses  of resins are being pursued however, 
I n  order t o  expedite t h e  program e f f o r t s  and because of t he  
high cos t  of t h e  3-D woven s t ruc tures  f o r  experimental study 181 
f ibe rg la s s  f a b r i c  was used f o r  t he  i n i t i a l  impregnation s tudies .  The 
f a b r i c  used i n  a l l  experiments w a s  compressed dry t o  a predetermined 
densi ty  (1.35 t o  1.40 g/cc) and held secure i n  a simple clamping 
f i x t u r e  t o  simulate t h e  densi ty  of  the 3-D woven s t ruc tu res  being 
produced. 
2. Epoxy Resin Impregnation Studies 
a .  Avc:, 3-D 
A technique f D r  impregnating Avco 3-D f ibe rg la s s  s t ruc tu res  with 
The technique cons i s t s  D f  encapsulating epoxy r e s ins  has been worked Dut. 
t h e  la teral  sides of the  3-D s t ruc ture  with s i l i cone  rubber ( m - 6 0 )  
about 3" f r o m  the bottom of a 4" dia .  x 18" long steel tube thus  leaving 
the  t o p  and bottom of the  s t ruc ture  open. 
Ara ld i te  6005/~pon 872/BF3400 i s  mixed hot and poured i n  t h e  longest 
open end of t he  tube such t h a t  it r e s t s  on the  top  open end of t h e  3-D 
s t ruc tu re ,  
p i s ton  i s  placed a t  t he  longest end t o  force t h e  r e s i n  through t h e  3-D 
s t ruc tu re  while t h e  vacuum i s  on. 
end, t h e  vacuum i s  shut of f  and the p is ton  pressure i s  released. Then 
t h e  impregnated 3-1, s t ruc tu re  i s  allowed t o  cure f o r  16 hrs .  @ 235OF, 
postcure 
before  removal from the  tube. 
The epoxy r e s i n  system - 
Vacuum i s  then applied a t  t h e  short  end of t he  tube and a 
A s  soon a s  r e s i n  appears a t  t h e  vacuum 
f o r  5 h r s .  @ 300°F and i s  then cooled t o  room temperature 
Two Avco 3-D blocks (3" x 3" x 4") sayles  #19 and #26 and 
one block of Ray-pan Multiple-Warp f ab r i c  (& x 
impregnated i n  t h i s  manner. The materials were sectioned f o r  mechanical 
evaluat ion and results are reported i n  the  t e s t i n g  sec t ion  of t h i s  report .  
x 2 3/4") have been 
b , Reference Materials 
Two fiberglass-epoxy laminates (6' '  x 6" x 4") have been 
compression molded f o r  evaluation of material propert ies .  
w e r e  prepared f r o m  9 0 2 .  f a b r i c  (18 x 18 construction, .011" th ick ,  
150's filament s ize  yarn-Volan f i n i s h )  and an acetone solut ion of t h e  
The laminates 
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standard epoxy r e s i n  system 
impregnator equipped with rubber squeeze r o l l s .  
- A r a l d i t e  6005/Epon 8 7 2 / ~ ~  400. 
The f a b r i c  w a s  preimpregnated employing a manually opera z ed lab 
The r e s i n  coated f a b r i c  panels w e r e  then B-staged i n  
a l a r g e  walk-in c i r cu la t ing  a i r  oven f o r  20 t o  25 minutes @ 250°F 
p lus  10-15 minutes @ 29OOF. 
The B-staged f ab r i c  panels were d i e  cu t  (6" x 6") and 
placed i n  a vented mold f o r  processing. 
800 ps i  w a s  applied t o  debulk approximately 8" of material .  
compressed material was cured f o r  4 h r s .  @ 250°, 2 h r s .  @ 275", 
postcured 6 h r s .  @ 300" and then cooled under pressure overnight. 
A molding pressure of  
The 
A f t e r  curing the  laminates were trimmed and t h e  r e s i n  
content and densi ty  w a s  ca lcu la ted .  Results were a s  follows: 
Code No. 
874- 76 
874-84 
Resin Content, % Density, g/cc 
28.3 
28.9 
1.90 
1.92 
The laminates a re  present ly  being machined i n t o  t e s t  
specimens f o r  evaluation of mechanical propert ies  and thermal 
shock c h a r a c t e r i s t i c s .  
w i l l  be used as t h e  reference control throughout t he  program f o r  
comparison with o the r  mater ia ls  being evaluated. 
The propert ies  obtained from t h i s  mater ia l  
The f a b r i c  construction employed t o  prepare these laminates 
was chosen because it i s  more representative of t h e  construction 
used i n  Avco 3-D with regard t o  threads per square inch. 
3. Vendor's 3-D Materials 
It i s  ant ic ipated t h a t  the 3-D f i b e r g l a s s  woven materials 
received from outs ide  sources w i l l  be impregnated with the  standard 
epoxy r e s i n  system. The spec i f i c  construction of each of these  
materials i s  discussed i n  d e t a i l  i n  t h e  Fabric Studies port ion of 
t h i s  repor t .  
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A t t e m p t s  t o  develop an epoxy impregnation technique 
t h a t  i s  applicable t o  a l l  of t h e  various 3-D constructions i s  
cur ren t ly  under invest igat ion.  
The purpose of t h i s  work i s  t o  f i n d  a technique t h a t  can 
be employed t o  maintain the  f i n a l  res in  content of t h e  3-D mater ia l s  
i n  the range of 28-32%. The r e s i n  content needs t o  be control led 
within t h i s  range, t o  allow a va l id  comparison with the  reference 
cont ro l  and Avco 3-D mater ia l .  
4. Phenolic Resin Impregnation Studies 
a .  Phenolic Impregnations 
Several  approaches have been evaluated f o r  t h e  impregnation 
of 3-D s t ruc ture  w i t h  Monsanto sc1008 phenolic r e s in .  
f a b r i c  and Avco 3-D s t ruc tu res  w e r e  emzlojed i n  the  r e s i n  impregnation 
s tudies .  
Both clamped 
A t  t he  onset  of t he  impregnation s tudies  it was found t h a t  
a r e s i n  spec i f i c  g rav i ty  of 1.050 and v i scos i ty  of 25-50 cps (Brookfield) 
was required f o r  complete impregnation. These conditions were achiexed 
by simply heating t h e  a s  received res in  (sp.  g r .  - 1.075) t o  150-180 F. 
H3wever, a s  t h e  res in  ages i n  cold storage (300F) it becomes necessary 
t o  d i l u t e  t h e  r e s i n  w i t h  addi t iona l  solvent (isopropanol) t o  achieve 
the  d e s i r e d  r e s i n  cha rac t e r i s t i c s  f o r  impregnation. 
Most o f  the  mater ia ls  evaluated were i n i t i a l l y  t r e a t e d  
accordingly. Samples w e r e  placed i n  150-1800~ phenolic r e s in .  A s  t h e  
r e s i n  i s  heated solvent v o l a t i l e s  are slowly evolved without foaming 
of t h e  res in .  When the  r e s in  has reached a ge l led  condition, t h e  
r e s idua l  v o l a t i l e  content was measured and i n  most cases was found t o  
range between 1 5 - 2 6 .  
from the  gel led res in  bath f o r  fu r the r  processing. 
A t  t h i s  stage t h e  impregnated p a r t s  were removed 
The f i r s t  group of samples were processed by soaking i n  
150-1800F r e s i n  for various periods of t i m e  then cured t o  35OoF with 
t h e  a i d  of ex te rna l  pressure whereas t h e  second group was ge l led  and 
processed without appl ica t ion  of external  pressure.  I n  addi t ion,  one 
of t h e  samples (#874-82) was t rea ted  with new high so l id s  (75%) 
resin-Colab 397. Results of these experiments appear i n  Table I. 
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b . Phenolic/Epoxy Impregnations 
Another approach used w a s  t o  soak t h e  material i n  resin f o r  
This 
Results f o r  Avco 
4 hours a t  150°F and then remove t h e  impregnated part  f o r  drying a t  
1 8 0 ~ ~  f o r  16 hours. 
procedure was repeated three  times and then t h e  p a r t  was impregnated 
w i t h  low v i scos i ty  epoxy t o  f i l l  t he  open porosi ty .  
3-D sample #874-86 (41) employing t h i s  s implif ied technique i s  given 
i n  Table I. Another Avco 3-D sample (3" x 3" x 4") w a s  impregnated 
using t h i s  procedure with the  exception t h a t  a por t ion  (1/3) of t h e  
mater ia l  was sec t imed  f o r  evaluation i n  the  phenolic impregnated 
condition and the  remaining por t ion  (2/3) for evaluat ion i n  t h e  phenolic/ 
epoxy impregnated conditions.  The materials a r e  cur ren t ly  i n  the  process 
of being sectioned for physical  and mechanical property determination. 
The p a r t  was the  cured from 200" t o  3500F. 
A s  a result of t h i s  new approach, port ions of each material 
previously processed with phenolic were impregnated with the  low 
v i scos i ty  epoxy resin t o  determine the e f fec t iveness  of the  epoxy 
impregnation. Density, porosi ty ,  and r e s i n  content measurements taken 
on a l l  mater ia ls  a f t e r  t he  phenolic and epgxy impregnations appear i n  
Table 11. 
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c .  Testing 
1. Mechanical 
The l a t e s t  avai lable  mechanical t e s t  data f o r  two epoxy 
r e s in  composites i s  presented i n  Tables I11 through X. Before 
discussing the  r e s u l t s  i n  de t a i l ,  it should be noted t h a t  the Ray-pan 3 - D  
sample was r e l a t i v e l y  non-uniform and the laminates were not f u l l y  
p a r a l l e l .  This had the obvious e f f ec t  of increasing t h e  s c a t t e r  of 
ultimate t e n s i l e  s t rengths  and moduli (See Table V I I I )  . Another 
Ray-pan 3D specimen i s  scheduled t o  be fabricated and t e s t ed .  
A major e f f o r t  i n  the mechanical t e s t i n g  area has been t o  
determine whether or not the reinforced p l a s t i c  systems under consideration 
could be represented according t o  anisotropic e l a s t i c i t y  theory. On 
the bas i s  of the avai lable  t e s t  data, the room temperature moduli 
var ia t ions  can be predicted successfully w i t h  reasonable accuracy. 
Figure 23 i s  a comparison of calculated and observed modulus var ia t ion  
for the Avco/RAD 3-D epoxy and the  material  can be represented as  an 
or thotropic  medium where the moduli E1 
var ia t ion  of the  moduli E: i n  a rotated coordinate system may be ca l -  
culated according to :  
= E2 = E3, and the angular 
with Ei, E2 being the uniaxial  moduli i n  the appropriate d i rec t ions  and 
G,& = shear modulus 
Poisson 's  r a t i o  PI, = 
The modulus var ia t ion  f o r  the Ray-pan 3-D has not been predicted 
s ince su f f i c i en t  data  has not been obtained t o  characterize t h i s  t ransversely 
i so t rop ic  composite. I n  t h i s  reinforcement system the modulus transverse 
t o  the  reinforcing d i rec t ion  i s  not equal t o  t h a t  p a r a l l e l  t o  the  laminates 
and t h i s  w i l l  r e s u l t  i n  a continuously decreasing modulus r a the r  than t h e  
cha rac t e r i s t i c  curve shown f o r  the  Avco/RAD 3-D epoxy. 
An attempt was a l so  made t o  predict  the  ultimate s t rength 
Applying the va r i a t ion  i n  the X-Y plane for the Avco/RAD 3-D material .  
anisotropic  yield c r i t e r i o n  discussed by H i l l ,  and more recent ly  investigated 
I .  
I 
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by Tsai,  f o r  the case of plane s t ress ,  one obtains f o r  angular 
var ia t ion  of ultimate t e n s i l e  strength 
where 6 py 
maximum shear s t r e s s .  T h i s  formula i s  of i n t e r e s t  since it indicates  
the control l ing influence of the r a t io  of maximum shear stress and 
t ransverse strength t o  the maximum O;, strength.  
= ultimate t e n s i l e  strength i n  X, Y direct ion,rmar= 
For most composites these r a t i o s  a re  considerably l a rge r  
than f o r  t h e  Avco/RAD r e i n f o r c e E n t  scheme, w i t h  resu l t ing  l a rge r  
angular var ia t ions  i n  ultimate s t r e n g t h a s  compared t o  the Avco material. 
One can e a s i l y  see t h a t  the most favorable condition f r o m  the  point of 
view of approaching a homogeneous, i so t ropic  medium, i s  the case when 
Z mximum approaches the maximum 0;; st rength and when O-, 
Then there  w i l l  be a minimum angular e f f e c t  on the ultimate strengths.  
The formula has not been applied t o  a l l  the materials considered since 
t h u s  f a r ,  only r e l a t i v e l y  small blocks have been fabr ica ted  and not a l l  
of t h e  requis i te  mechanical property data has been obtained from exact ly  
s imi l a r  samples. 
data  w i l l  be avai lable  i n  the necessary d i rec t ions  i n  the next reportFng 
period f o r  selected materials.  
= (+ . 
Larger specimens are t o  be fabr ica ted  and room temperature 
Consideration of equations (1.1) and (1.2) a s  wel l  a s  t h e  f a c t  
t h a t  for an or thotropic  material ,  the shear modulus var ia t ion  can probably 
be represented by the formula 
which suggests the d e s i r a b i l i t y  of measuring the moduli E l ,  E 2 , G I g  
and q , a s  wel l  as  observation of the ultimate t e n s i l e ,  compressive 
and shear s t rengths  i n  various directions.  There i s  however, the 
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obvious l imi t a t ion  of  sample s i z e  t o  contend with, and severa l  
extreme cases must be considered, namely: 
1) r e l a t i v e l y  t h i n  laminates 
2) tubular  braided samples 
Because, i n  general ,  shear s t rengths  determined f r o m  
quar te r  point  loading f lexure  t e s t s ,  core shear, or Jacob bar shear 
t e s t s  do not give t h e  same results, it would be desirable t o  perform 
a t  least one s e r i e s  of similar t e s t s  on a l l  the  candidate materials 
so t h a t  t h e  comparisons w i l l  be va l id .  
shear failures induced by compressive loads may d i f f e r  appreciably 
from those induced by t e n s i l e  loads, quarter  point  load f lexure  
behavior i s  considerably influenced by beam span t o  depth r a t i o s .  
On t h e  o ther  hand, simple core shear tests, because they  involve 
crushing of the  reinforcement, may not be advisable p a r t i c u l a r l y  
when d i f f e ren t  re inforcing schemes are being studied. It i s  suggested 
t h a t  notched bar shear tests be used f o r  determining shear s t rengths  
of t h e  laminates and t h a t  notched r ing specimens be used for t h i n  
cy l ind r i ca l  specimens. Normal notched ba r  tests w i l l  be used f o r  
high 0 .D ./I .D. r a t i o  braided tubular  materials. 
can be performed on s l i g h t l y  t a p e r e d  b u t t  t e n s i l e  bars while t h e  
small r ings can a l so  serve f o r  ultimate t e n s i l e  s t rength determinations. 
The screening t e s t s  f o r  t he  various candidate composites can probably 
cons i s t  merely of t e n s i l e  tests i n  the s t rongest  and weakest d i rec t ions  
f o r  t h e  various materials and shear s t rength measurements across  the  
weakest plane. 
The two most promising reinforced p l a s t i c s  may then be more completely 
character ized by tension,  compression and to r s ion  tes ts  i n  severa l  
d i r ec t ions ,  a t  room temperature and a t  an elevated temperature. 
Since it it probable t h a t  
Simple tens ion  tests 
Suggested sample designs a re  shown i n  Figure 24. 
2. Thermal Shock Tests 
I n  order t o  se l ec t  the rocket nozzle mater ia l  on a more 
r e a l i s t i c  basis, i n  addi t ion t o  the mechanical proper t ies  t es t  program, 
two types of thermal tes ts  a re  t o  be conducted. Previously t h e  Mechanical 
Evaluation Group has applied radio frequency d i e l e c t r i c  heating techniques 
i n  order  t o  rap id ly  r a i s e  the  temperature of the  tes t  samples. 
conducting metals cannot be placed i n  t h e  magnetic f i e l d ,  devising a 
thermal shock t e s t  i s  not a s t r a igh t  forward routine matter. For t h i s  and 
o t h e r  reasons the  ex i s t ing  Avco/RAD high temperature res i s tance  heating 
f a c i l i t y  i s  suggested f o r  t he  t h e m 1  shock experimentation. The manner 
i n  which these tes ts  w i l l  be performed i s  a s  follows: 
Because 
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1) 
thickness  of 3" x 3" x 
shear f a i l u r e s .  
placing one face  of t h e  plate against  a t h i n  tungsten sheet which 
has previously been ra i sed  t o  high temperature. 
conducted t o  determine the  conditions necessary t o  cause f a i l u r e  i n  
t y p i c a l  laminates and i n  the  prime candidate th ree  dimensionally 
rei  n f o  re  e d p l a  s t. i c sys t e m  . 
Sharp t h e r m a l  gradients  w i l l  be imposed acrcss  t h e  
plates i n  o rde r  t o  induce inter laminar  
The temperature p r o f i l e  w i l l  be achieved by 
Tests w i l l  be 
2 )  Tubular samples w i l l  be posit ioned over a s o l i d  
cy l ind r i ca l  tungsten heating core and res t ra ined  a x i a l l y  between 
r i g i d  load p la tens .  By simultaneously r e s t r i c t i n g  a x i a l  motion 
and rap id ly  heating the  tungsten heating element, gross f a i l u r e s  
w i l l  be induced i n  the  3-D composites and comparison of the  performance 
of t he  various materials can be made on the  basis of observed temperature 
profiles and required r e s t r a in ing  forces .  
- 18 - 
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It i s  ant ic ipated t h a t  the funds remaining a r e  s u f f i c i e n t  
to complete t h e  program requirements. 
IV. Future Work Plamed 
Since representative samples have been obtained or are  on 
order  f o r  most of the reinforcing techniques which were t o  be studied, 
emphasis i n  the  f a b r i c  s t u d i e s  w i l l  s h i f t  from sample procurement t o  
a detailed assessment of commercial p r a c t i c a b i l i t y  of these techniques. 
Primary emphasis i n  the impregnation area w i l l  be sample preparation 
f o r  mechanical t e s t i n g  w h i l e  t h e  t e s t i n g  area w i l l  divide i t s  e f f o r t  
between assuring the v a l i d i t y  of the t es t s  i n  the  Physical Test Matrix 
and subsequently routine t e s t i n g  of t h e  candidate composites. 
Sa t i s fac tory  samples fromtwo of t h e  more important ideas  have 
not been obtained. E f f o r t s  w i l l  be made t o  obtain these two which a re  
a t h i c k  (1" minimum) multiple warp sample through hand weaving and a 
double p i l e  f a b r i c .  
w i l l  continue on samples i n  house and on order as  they are received. 
Contacts with industry w i l l  be maintained t o  improve our knowledge of 
the  commercial p r a c t i c a b i l i t y  of the candidate weaving techniques. 
The now standardized impregnation w i t h  epoxy r e s i n  
Mechanical t e s t s  w i l l  be performed on selected samples i n  
house t o  assess  the v a l i d i t y  of the tes ts  p r i o r  t o  f i n a l i z a t i o n  and 
f u l l  sample e n t r y  i n t o  the t e s t  matrix. This w i l l  be done primarily 
for t h i n  material and braided samples. 
Phenolic impregnation s t u d i e s  w i l l  continue t o  determine t h e  
g e n e r a l i t y  of the technique t o  Avco 3-D and other  highly dense samples. 
This study w i l l  provide a charring r e s i n  composite which w i l l  allow 
evaluat ion of 3-D char propert ies .  The now standard epoxy impregnation 
technique w i l l  be used t o  prepare the candidate f a b r i c s  f o r  physical  
t e s t i n g .  
Visits a re  planned w i t h  Crompton and Knowles Corporation of 
Worcester and Huyk Corporation, Rennsalaer, N .Y.  
The l i m i t e d  t e s t  data generated so f a r  i n  t h i s  program 
corroborates the t h e s i s  t h a t  subs tan t ia l  improvement can be obtained i n  
tke inter laminar  t e n s i l e  and shear strength of f a b r i c  reinforced composites. 
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While t h i s  l i m i t e d  data does not s p e l l  out which reinforcing technique 
i s  t h e  optimum f u r t h e r  work towards u t i l i z a t i o n  i n  commercial hardware 
i s  indicated.  The areas  of knowledge t h a t  need t o  be defined and are 
beyond the scope of t h i s  contract  are: 
1. Confirmation of the  u t i l i t y  of increased interlaminar 
t e n s i l e  and shear strength 
ab la t ion  tes t .  
i n  a char and/or high shear 
2.  C3nfirmation of t h e  f e a s i b i l i t y  of machine development 
for fabr ica t ion  of materials of the required dimensions. 
3.  Consideratiqn of t y p i c a l  reinforcement materials,  ( r e f r a s i l ,  
carbon) and/or promising more exot ic  materials i n  terms of  
f a b r i c a b i l i t y  and composite performance. 
I 
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i Fig.  2 Avco 3-D X-Y Plane 

Fig. 4 Avco Loom Modified f o r  45' Fibers 
I 
I 
I 
I 
I 
I 
i 
i 
I 
Fig. 6 .  Raypan Multiple Warp Sewn Fabric Side Wiew 
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Plain frieze (or uncut pile). Thir has a surface made u p  
entirely of thousands of tiny, erect loops. 
Rain  cut pile (vrivet). This has a surface or “third 
dimension“ made up entirely of fibei-s stand@ on end. 
Plain frieze (or uncut pile). T h L  has a surface made up 
entirelv of thousands of tiny, erect loops. 
Plain cut pile (\elvet). This has a surface or “third 
dimension” made up entirelv of fibers standing on end. 
Plain frieze (or uncut pile). Thi: has a surface made up 
entireiv of thousands of tiny, erect loops. 
Plain cut pile (velvet). This has a surface or “third 
dimension” made u p  entirely of fibers standing on end. 
Fig. 19 D i a g r a m  of Needling 
I 
.The three steps in making synthetic fiber felt. (Courtesy Trrti ie Rfsearrh Journal) 
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Table I11 
Avco/RAD 3-D "S" Glass Epoxy System 
Tension Tests 75'F, .005 tr/cc/min = 
Vert ica l  Direction ( Z  ax is )  
Spec. No. 1 
Area 143 
Prop. L i m i t  2600 psi 
U l t i m a t e  Tensile 36,000 
Modulus X 2.67 
Total  S t r a in  % 3.6 
Strength 
2 
143 
1800 
40,800 
2.69 
2.77 
Table I V  
Avco/RAD 3-D "S" Glass Epoxy System 
0 45 Angle i n  X-Y Plane 
Spec. No. 
Area 
Prop L i m i t  
Ultimate Tensile 
Strength 
1 2 
.141 .141 
1900 1650 
I 2,  800 12 , 700 
Modulus X 
Total  Strain % 
1.56 1.49 
6 -75 
Table V 
Avco/RCU) 3-D "S" Glass Epoxy System 
Compression Tests  75O F, 
Ver t ica l  Direct ion (2 axis )  
spec. No .  1 
Area .io9 
Prop. L i m i t  11 7 200 
U l t i m a t e  Compressive 52,800 
Strength 
Modulus X lom6 1.93 
Total  S t r a in  % 6.54 
= .005 "/"/rnin. 
2 3 
,110 .110 
13 , 600 14,200 
59,600 59,100 
2 .o 2.20 
5 -93 6.34 
Table V I  
Avco/RAD 3-D "S" Glass Epoxy System 
Torsion Tests 75OF, 
T w i s t  About Ver t i ca l  Direction (2 ax i s )  
~ ~~ 
Spec. No. 1 2 
Diameter .377" 3 77" 
Gage Length 1 .o 1 .o 
Shear Modulus 5OO,OOO ps i  571,000 
Ultimate Shear 10 7 100 14,500 
Strength 
Total  Twist i n  130~ 130' 
Degrees 
1 -  
Table V I 1  
I 
Avco/RAD 3-D "S" Glass Epoxy Resin 
Twist About 45' Direction i n  X-Y Plane 
Spec No. 1 2 
D i  ame t e  r .379 379 
Gage Length 1 .o 1 .o 
Shear Modulus 800, ooo 615, ooo 
U l t i m a t e  Shear 10,700 10,000 
Strength 
Tota l  Twist i n  190" 1850 
Degrees 
Re s i n  Content - one sample for 3/8" dia'. x 1/2" long - 22.5$* 
* T h i s  value may be l o w  
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Table IX 
Ray-pan 3-D Epoxy System 
Torsion Tests  75'F 
About Axis Perpendicular t o  "Laminations" 
1 2 3 4 Spec. No. 
Diameter -314 .310 313 .310 
;age Length 1 .o 1 .o 1 .o 1 .o 
Modulus 471,,00G p s i  533,000 533,000 471,000 
Ultimate Shear 6700 p s i  6320 5880 5910 
Strength 
Total  Twist i n  12' 10' 9 O  loo 
Degrees 
Table X 
Ray-pan 3-D Epoxy System 
Resin Content 
Specimen No. 
1 
2 
3 
4 
5 
6 
-7 
8 
9 
1G 
$ Resin 
23. 
30.5 
24.75 
24.6 
27.4 
24.1 
25.6 
26. 
24.7 
28.3 
